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potential  of  1,4-thloxane  (Batch  Number  053177,  LAIR  Code 
TA038)  by  using  the  Ames  Salmonella/Mammalian  Microsome 
Mutagenicity  Assay. 
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Mutagenic  Potential  of:  1,4-Thioxane  (TA038) — Sano  and  Korte 


---^'The  Ames  Salmonella/Mammalian  Microsome  Mutagenicity  Assay  is  a 
short-term  screening  assay  that  utilizes  histidine  auxotrophic  mutant 
strains  of  Salmonella  typhimurium  to  detect  those  compounds  which  are 
potentially  mutagenic  in  mammals*  A  mammalian  microsomal  enzyme  system 
is  Incorporated  in  the  assay  to  increase  sensitivity  by  simulating  in 
vivo  metabolic  activation  of  the  test  compound.  The  Ames  assay  is  an 
inexpensive  yet  highly  predictive  and  reliable  assay_ for  detecting 
mutagenic  activity  and  thus  carcinogenic  potential 
<L  -7  3 

Objective  of  the  Study 

The  objective  of  this  study  was  to  determine  the  mutagenic 
potential  of  l,A-thioxane  (Batch  Number  053177,  LAIR  Code  TA038)  by 
using  the  Ames  Salmonella/Mammalian  Microsome  Mutagenicity  Assay. 

METHODS 

Test  Compound 

Chemical  name:  1,4-Thioxane 

Chemical  Abstract  Service  Registry  No. : 

Structural  formula: 


Empirical  formula:  C.H.OS 
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Storage:  10  milliliters  of  98%  1,4-thloxane  (Batch  Number  053177) 
was  received  from  Aldrich  Chemicsl  Company,  Inc  (Milwaukee,  WI)  on  22 
August  1984  and  assigned  the  LAIR  Code  number  TA038.  The  test  compound 
was  stored  in  a  dessicator  at  room  temperature  (21 °C)  until  use. 

Chemical  Properties/Analysts:  Data  characterizing  the  chemical 
composition  and  purity  of  the  test  material  was  obtained  from  Aldrich 
Chemical  Co,  Inc,  and  confirmed  by  IR  performed  by  the  Toxicology 
services  Group,  LaIR  (Presidio  of  San  Francisco,  CA) ,  (Appendix  A). 

Test  Solvent 


The  test  compound  and  the  positive  control  chemicals  were  dissolved 
in  grade  I  dimethyl  sulfoxide  (lot  lOOF-0269)  obtained  from  Sigma 
Chemical  Co.  (St.  Louis,  MO). 

Chemical  Preparation 

1.4- Thlox3ne  was  stored  in  a  dessicator  at  room  temperature  (21“C) 
until  used.  On  the  day  before  dosing,  0.5  ml  of  the  test  compound  was 
measured  Into  a  sterile  vial  and  again  stored  at  room  temperature.  On 
the  day  of  dosing,  the  0.5  mi  sample  was  dissolved  in  a  9.3  ml  volume 
of  grade  I  dimethyl  sulfoxide  (lot  lOOF-0269)  to  achieve  a  5%  (v/v) 
solution.  Aliquots  of  this  solution  were  used  to  dose  the  test  plates. 
The  dosing  procedure  was  completed  within  20  minutes  of  dissolving  the 
test  compound. 

Test  Strains 

Salmonella  strains  rA98,  TAIOO,  TA1535,  TA1537,  and  TA1538, 
obtained  directly  from  Dr.  Bruce  Ames,  University  of  California, 
Berkeley,  were  used.  These  strains  were  maintained  in  our  laboratory 
at  -80°C.  Quality  controls  were  run  concurrently  with  the  test 
substance  to  establish  the  validity  of  their  special  features  and  to 
determine  the  spontaneous  reversion  rate.  Descriptions  of  the  strains, 
their  genetic  markers,  and  the  methods  for  strain  validation  are  given 
in  the  LAIR  SOP,  OP-STX-1  (2). 

Test  Format 

1.4- Thioxane  was  evaluated  for  mutagenic  potential  according  to  the 
methods  of  Ames  et  al  (3).  A  detailed  description  of  the  methodology 
is  given  In  LAIR  SOP,  OP-STX-1  (2). 

Toxicity  Tests 

Toxicity  tests  were  conducted  to  determine  a  sublethal 
concentration  of  the  test  substance.  This  toxicity  level  was  found  by 
using  minimal  glucose  agar  (MGA)  plates,  concentrations  of  1,4-thioxane 
ranging  from  1.6  x  10“^  ul/plate  to  5  ul/platc  and  approximately  10® 
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cells  of  TAIOO  per  plate.  Top  agar  containing  trace  amounts  of 
histidine  and  biotin  were  placed  on  the  plates.  Strain  verification 
was  confirmed  on  the  bacteria,  along  with  a  determination  of  the 
spontaneous  reversion  rate.  After  Incubation,  the  growth  on  the  plates 
was  observed.  Since  none  of  the  plates  showed  decreased  macrocolony 
formation  (below  the  level  of  the  spontaneous  reversion  plates)  or  an 
observable  reduction  In  the  density  of  the  background  lawn,  a  maximum 
"limit"  dose  of  5  ul  per  plate  was  used  in  the  mutagenicity  assay. 

Mutagenicity  Assay 

The  test  substance  was  evaluated  over  a  1000-fold  range  of 
concentrations,  decreasing  from  the  minimum  toxic  level  (the  maximum  or 
limit  dose)  by  a  dilution  factor  of  5  both  with  and  without  0.5  ml  of 
the  S-9  mlcrosome  fraction.  The  S-9  was  purchased  from  Litton 
Bionetlcs  (Kensington,  MD).  The  optimal  titer  of  this  S-9,  as 
determined  by  Litton  Bionetlcs,  was  0.75  mg  protein/plate.  After  all 
the  Ingredients  were  added,  the  top  agar  was  mixed,  then  overlaid  on 
MCA  plates.  These  plates  contained  2%  glucose  and  Vogel  Bonner  "E" 
Concentrate  (4).  The  water  used  in  this  medium  and  In  all  reagents 
came  from  a  Polymetric  model  200-3  Water  Purifier  (Sunnyvale,  CA). 
Plates  were  Incubated  upside  down  In  the  dark,  at  37 °C  for  48  hours. 
Plates  were  prepared  In  triplicate  and  the  average  revertant  counts 
were  recorded.  The  average  number  of  revertants  at  each  dose  level  was 
compared  to  the  average  number  of  spontaneous  revertants  (negative 
control).  The  spontaneous  reversion  rate  (with  and  without  S-9)  was 
monitored  by  averaging  the  counts  from  two  determinations  run 
simultaneously  with  the  test  compound  assay.  The  spontaneous  reversion 
rate  was  determined  by  Inoculating  one  set  of  plates  before  and  one  set 
after  the  test  compound  assay  plates  so  that  any  change  In  spontaneous 
reversion  rate  during  the  dosing  procedure  would  be  detected.  This 
spontaneous  reversion  rate  was  also  compared  with  historical  values  for 
this  laboratory  and  those  cited  in  Ames  et  al  (3).  Concurrent 
sterility  and  strain  verification  controls  were  run.  All  reagents, 
test  compounds,  and  media  were  checked  for  sterility  by  plating  samples 
of  each  on  MGA  media  and  Incubating  them  at  37°C  with  the  test  plates. 
The  Salmonella  strains  were  verified  by  a  standard  battery  of  tests. 

The  following  tests  were  run  to  determine  If: 

-  Lipopolysaccharlde  layer  (LP)  alteration  causes  growth  Inhibition 
in  the  presence  of  crystal  violet. 

-  An  amplcillin-reslstant  R  factor  has  allowed  growth  In  strains 
TA98  and  TAIOO  In  the  presence  of  amplcillln  impregnated  disks. 

-  Absence  of  excision  repair  mechanism  has  inhibited  growth  in  the 
presence  of  ultraviolet  light. 
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Four  known  mutagens  were  tested  as  positive  controls  to  confirm  the 
responsiveness  of  the  strains  to  the  mutation  process.  These  compounds 
benzo  [a]  pyrene,  2-aminof luorene .  2-aminoanthracene  and  N-methyl-n- 
’ nitro-n-nitrosoguanidine ,  were  obtained  from  Sigma  Chemical  Co  (St. 
Louis,  MO).  The  test  compound  and  mutagens  were  handled  during  this 
study  in  accordance  with  the  standards  published  in  MIH  Guidelines  for 
the  Laboratory  Use  of  Chemical  Carcinogens  (DHHS  Publication  No.  (NIH) 
81-2385,  May  1981). 

Data  Interpretation 

According  to  Brusick  (5),  a  compound  is  considered  mutagenic  if  the 
following  criteria  are  met: 

1.  For  strain  TA98  and  TAIOO,  a  positive  dose  response  (correlated 
dose  response)  over  three  dose  concentrations  is  achieved  with  at 
least  the  highest  dose  yielding  a  revertant  colony  count  greater 
than  or  equal  to  twice  the  spontaneous  colony  count  for  the 
strain.  A  strong  correlated  dose  response  in  strain  TAIOO 
without  a  doubling  of  the  individual  colony  count  may  also  be 
considered  positive. 

2.  For  strains  TA1535,  TA1537  and  TA1538,  a  correlated  dose 
response  over  three  concentrations  is  achieved  with  at  least  one 
dose  yielding  a  revertant  colony  count  three  times  the  spontaeous 
colony  count  for  strain. 

RESULTS 

On  3  October  1984,  the  toxicity  level  determination  was  performed 
on  1,4-thloxane  (Table  1).  For  this  experiment  all  sterility,  strain 
verification,  and  negative  controls  were  normal  (Table  2).  No  toxicity 
was  observed  after  exposure  of  the  tester  strain  (TAIOO)  to  the  highest 
dose  used  (5  ul/plate) 

Normal  results  were  obtained  for  all  sterility,  strain 
verification,  positive  and  negative  controls  during  the  Ames  Assay 
performed  on  10,  11,  and  12  October  1984  (Tables  3-4).  None  of  the  six 
concentrations  of  1,4  thloxane  induced  the  required  correlated  dose 
response  and  two  (strains  TA98  and  TAIOO)  or  three  (strains  TA1535, 
TA1537,  and  TA1538)  fold  Increase  in  revertant  colony  counts  when 
compared  to  the  appropriate  negative  control  culture  count  (Table  5). 
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DISCUSSION 

Certain  test  criteria  must  be  satisfied  before  an  Ames  assay  can  be 
considered  a  valid  assessment  of  a  compound's  mutagenic  potential. 
First,  the  special  features  of  the  Ames  strains  must  be  verified. 

These  features  Include  demonstration  of  amplclllln  resistance,  LP  layer 
alterations,  and  DNA  excision  repair  deficiencies.  Second,  the 
Salmonella  strains  must  be  responsive  to  the  mutagenic  process  by 
exposing  the  strains  to  known  mutagens.  Third,  the  optimal 
concentration  of  the  test  compound  must  be  determined  by  treating  TAIOO 
with  a  broad  range  of  doses  and  observing  the  potential  toxic  effects 
on  macrocolony  and  microcolony  formation.  If  these  tests  are  performed 
and  expected  data  are  obtained,  then  the  results  of  Ames  assay  can  be 
considered  valid. 

After  validation  of  bacterial  strains  and  selection  of  optimal 
sublethal  doses,  1,4-thloxane  was  evaluated  In  the  Ames  assay. 

Criteria  for  a  positive  response  are  a  correlated  dose-response 
relationship  for  the  positive  strains  and  a  two-fold  (strains  TA98  or 
TAIOO)  or  three-fold  (strains  TA1535,  TA1537,  or  TA1538)  Increase  in 
revertant  colony  counts  relative  to  the  respective  negative  control 
counts  (5).  1,4-Thloxane  did  not  induce  the  requisite  dose-response 
relationship  or  the  Increase  In  revertant  colony  counts  necessary  for  a 
positive  response.  Thus,  the  results  of  this  assay  Indicate  that  1,4- 
thloxane  Is  not  mutagenic  when  evaluated  In  the  Ames  assay. 

CONCLUSION 

1 .4- Thloxane,  both  with  and  without  metabolic  activation,  is  not 
mutagenic  In  the  Ames  assay  as  conducted  in  this  study. 

RECOMMENDATION 

1.4- Thloxane  should  be  tested  In  other  genetic  toxicity  assays  In 
accordance  with  the  Toxic  Substances  Control  Act. 
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CHEMtCAL  DATA 


Chemical  name:  1,4  Thloxane 

Alternate  chemical  name:  1,4-Oxathlane 

Chemical  Abstracts  Service  Registry  No.:  15980-15-1 


Chemical  structure: 


o 


Molecular  formula:  C/.HaOS 


Molecular  weight:  104.17 
Physical  state:  Colorless  liquid 


Density;  d^  1.114 

Source:  Aldrich  Chemical  Co. 
Milwaukee.  WI 

Lot  number:  053177 


n 


Analytical  data: 


Compound  was  described  as  98?  pure  by  source. 

Analysis  provided  by  sponsor  demonstrated  a  purity 
of  98.93?.  The  compound  was  analyzed  upon  receipt 
and  following  data  vere  obtained.  IR  (KBr):  2940, 
2910,  2850,  1450,  1415,  1380,  1315,  1280,  1200,  1165, 


965,  825  cmT 


IR  spectrum  was  identical 


to  Sadtler  spectrum,*  NMR  (80  MHz,  CDCI3):  6  2.58 
<t.  J  -  6  Hz,  4H,  -CH2-S-CH2-),  3.88  (t.  J  •  6H2,  4  H. 

^  spectrum  was  identical  to  spectrum 

published  by  Aldrich  Chemical  Company.!! 

Stability:  No  decomposition  of  1,4-thioxane  was  detected  by  NMR  after 
48  h  in  DMS0.1 


Rosencrance  Afi.  (Memorandum  for  Dr.  Reddy].  SUBJECT:  Results  from 
the  chemical  analysis  of  three  compounds  slated  for  toxicity  testing 
(24  July  1984).  Frederick,  Maryland:  USAMBRDL. 

^Sadtler  Research  Laboratory,  Inc.,  Sadtler  standard  spectra. 
Philadelphia:  The  Sadtler  Research  Laboratory,  Inc.,  1962:  Infrared 
Spectrogram  (!20517. 

^Wheeler,  CR.  Nitrocellulose-Nitroguanldlne  Projects.  Laboratory 
Notebook  #84-05-010.2,  p73.  Letterman  Army  Institute  of  Research, 
Presidio  of  San  Francisco,  CA. 

*Ibld.  p71-72. 

IPouchert,  CJ.  The  Aldrich  Library  of  NMR  Spectra.  Vol  1.  2nd  ed. 
Milwaukee:  Aldrich  Chemical  Co.,  1981:  234,  Spectrum  D. 

fWheeler,  CR.  Nitrocellulose-Nitroguanldlne  Projects.  Laboratory 
Notebook  #84-05-010.3,  p4.  Letterman  Army  Institute  of  Research, 
Presidio  of  San  Francisco,  CA. 
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SCHD-USG-L  an  July  eu 

MEi-lORAUDUM  FOR  DR.  REDD? 

SUBJECT;  Renulta  froa  the  Cheatc-il  Analyhih  of  Three  Cccpounda  Slated  for 
Toxicity  Toattng 


Benzothiazole,  1 , >l-thloxane  and  1  ,*l-dlthlane  were  given  by  Dr.  Reddy  for 
analysis  on  15  June  64.  The  following  Is  a  sussary  of  the  results  froa  those 
analysis: 

Other 

_ “  of  Total  Formula  Connound _ Possibilities 

Benoothlsaole 


98.88  CyHcMS  Benrothlazole 

0.61  CgHyMS  2-Hethylbenzolhiazole  (Iso.ters) 

0.26  Ci|K,;),  Aniline  3  or  4-Cyanopyraoole 

0.12  ^10"l0^2  Diphcnyldisulflde 

0.11  C^HoN  Toluidlne  (isooers)  Benzylanine, 

N-Methylaniline 

0.03  CgH^MS  Methylbenzothiazole  (Isocers) 


98.93  CijHgOS  1,4-Thloxane 

1.06  CyHgSj  1,4-Dithiane 


1 ,4-nithiase 


99.92  CijHgSj  1,4-Dithiane 

0.08  CnHgSj  Hethyltrithiane 


OF; 

Dr.  Kul'xarni 
Dr.  Rosenblatt 


ALAN  B.  ROSE;iCa.\NCE 


Research  Chemist 
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Cftei^'S/s  Heip'rig  Cf'.err.-ns  m  Researcn  ina  inausty 


aScSrsc^  cQgTspsin!^  Jiisc. 


ANALYTICAL  DATA 


Dale  June  16,  1964 


Our:  13197-0  1, 4-Thioxane.  98% 

Batch  No.;  053177 

Analytical  Results: 

Appearance  Colorless  liquid 

m.p.  bp. 

ng  1.507  0  Iclo 

Spectral  Oau; 

I.R.  Conforms  to  structure  and  standard  as  illustrated  on 

page  160  E  of  Edition  III,  of  "The  Aldrich  Library 
of  Infrared  Spectra". 


U.V. 

N.M.a. 


V.P  C.  99-e;i 
T.:r.i;icn 


Ciner 


no b 
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